Abstract -In this paper, an image resolution enhancing technique is described. It is based on extracting 1-dimensional characteristic curves from subsequent frames and sub-pixel displacement values. Through sub-pixel mapping and adaptive interpolation, high-resolution image can be obtained from several lowresolution image frames. This 1-dimensional algorithm is simple and cost-effective, and can be easily applied in real-time processing for digital still camera application.
I. INTRODUCTION
In the consumer market of digital image equipment, to get a high-resolution image is of great interest. Even though the CCD's with megapixels boast a high resolution image, the demand to obtain a still higher quality digital image than the captured image will certainly continue in the future.
Hence, the image enhancing technique remains as an important task.
Generally, the word of image enhancement is understood in consumer electronics as contrast and edge enhancement, noise filtering. However, it is true that these methods do not increase the inherent information contents in image data.
What is aimed in this paper is to enhance the image resolution itself. For that purpose, a series of low-resolution image frames are used for information processing.
The starting point of our work is that between successively captured digital still image frames, there happen arbitrary differences caused from trembling of hand-held camera. In case that the frames are taken with small time step, the differences of successive two frames can be thought of camera-induced global frame motion. In this case the frames are shifted each other by some pixels, and if these shifting in pixels is not in interger values, each contains the information which the others have failed to capture. The relative image motion between frames is the key factor of image registration process, and precise calculation of it is a preliminary requisite for obtaining high-resolution image.
Earlier researches on image resolution enhancing area were focused on how to find the exact inter-frame information, especially on sub-pixel level[ 1-41, Tekalp, Ozkan, and Sezan [ 11 have assumed the movement between frames is translation. In their model, the image sensor has shifted by some small amount, so one frame may be used to fill the expanded spaces of another sampled image. Mann, and Picard [2] have proposed virtual bellows which can be used to align images taken from different viewpoints. They showed how the virtual bellows, which implements the projective group, is an exact model fit to both pan and tilt. 
1 -D CHARACTERISTICS OF IMAGE
Let us assume that we have a frame of m X n pixels ( where f, is x-curve, &. is y-curve, and a,, 6, are weighting factors, which can be adapted by the properties the frames.
It is evident that if two images are identical, the corresponding x-and y-curves are also identical, respectively. The reverse is not always true, however, since there can be numerous frame combinations of pixel intensities that satisfy the same characteristic values of is Characteristic x-curve and ycurve of two successive frames.
equation (1) . However, the frames we are considering here are those captured with small time step, so they are strongly correlated. Then, the reverse is also true and we can analyze these successive frames with 1-dimensional characteristic curves.
The most important step for the synthesis of a highresolution image is to find exact displacement value between successive frames. The conventional 2-dimensional pel-by-pel algorithms are not adequate for measuring inter-frame displacements in real time due to its computational complexity. wheref, ,f,' are the x-curves of the previous and the current frame respectively, and s is assumed to be in moderate small range considering the frame size. The vertical displacement value, s', is determined to minimize P(s). The horizontal displacement value is calculated in similar manner with y-curves. The frame motion information obtained by above algorithm is used in the interpolation process for image enhancement, which will be described in the next section.
ADAPTIVE SUB-PIXEL INTERPOLATOIN METHOD
The proposed adaptive sub-pixel interpolation method consists of two-steps : first, to map the pixels from successive low-resolution frames onto a single highresolution frame with the sub-pixel shift information, and second, to interpolate the resulting non-uniformly filled virtual frames to an enlarged frame with evenly-spaced pixels. The most important step is to get a simple and adequate method to find out integer-pixel and sub-pixel shift information. For the displacement of successive frames, the 1-dimensional algorithm mentioned above is very efficient in the view of computational simplicity and portability.
The image enhancing system of the present work receives successive low-resolution frames. Each pair of neighboring frames is used to generate 2-times magnified and enhanced image frame. And the resulting two frames are used again to get the final image, then the final figure is enlarged by 4-times compared to the original image. Fig. 4 shows this hierarchical interpolation process. With this algorithm, the system can operate consecutively, so is adequate for real time processing.
The architecture of proposed system is shown in Fig. 3 .
This system is composed of two identical modules which are cascaded. Each module includes frame aligner, subpixel shift block, delay block(memory), and frame dumay.info interpolator.
Frame aligner calculates integer displacement value, D(t), between successive frames using 1 -dimensional characteristic curves described in previous section, and aligns two frames with D(t). Then, there exists only difference of sub-pixel level between two frames. Minimum width of sub-pixel displacement, d(t), is one quarter of pixel.
Sub-pixel shift block calculate d(t), and determine whether present two frames will be used in interpolation process, i.e.
there is additional information for image resolution enhancing, or not. If not, input buffer receives next neighboring two frames as inputs.
Frame interpolator receives the aligned current frame, the previous frame and sub-pixel information, and operates mapping and interpolation process. Once sub-pixel displacement value is determined, the pixels of current frame are mapped onto one of the 16 sub-pixel points of the previous frame coordinate. Block effect is reduced, but Fig. 7(c) is not yet readable and Proc., pp. 169-172, Mar. 1992.
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